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An investigation  was  made  of  the  hydrodynamic  characteristics  of 
a  six-engine  hull-type  seaplane  designed  for  supersonic  flight.  This 
configuration  had  four  engines  mounted  on  top  of  the  wing  in  individual 
nacelles  and  two  engines  mounted on top  of  the  aft  section  of  the  hull 
with  their  inlets  located  on  top  of  the  wing.  The  tests  indicated  that 
excess  t!nrust  was  available  for  take-off  in  approximately 25 seconds 
and 3,250 feet  (full  size).  Stable  take-offs  could  be  made  over  a small 
range  of  fixed  stabilizer  deflections.  The  deflected  flaps  dragged  in 
the  water  at  speeds  less  than 104 knots.  During  landings  the  flaps 
should  be  retracted  as  soon  as  possible  after  contact  to  prevent  damage 
to the  deflected  flaps  by  spray.  Heavy  spray  entered  the  inlets  of  the 
outboard  nacelles  over  a  short  speed  range  in  both  smooth  and  rough 
water.  The  inlets  of  the  inboard  nacelles  were  clear  of  spray  in  smooth 
water  but  would  probably  be  wet  in  waves 4 feet  high  and  greater  when 
the  bow  digs  into  an  oncoming  wave.  The  high  horizontal  tail  was  gen- 
erally  clear  of  spray. 

u 

INTRODUCTION 

The  present  investigation  is  part  of  a  general  research  program  to 
evaluate  the  aerodynamic  and  hydrodynamic  characteristics  of  water-based 
aircraft  configurations  capable  of  flight  at  transonic  and  supersonic 
speeds.  These  configurations  have  been  characterized  by  high  fineness 
ratio  and small frontal  area  and  have  conformed  to  the  area-rule  con- 
cept  (refs. 1, 2, and 3 ) .  Aerodynamic  tests  (refs. 4, 5 ,  and 6) have 
indicated  low  subsonic  drag,  high  drag-rise  Mach  number,  and  low  drag- 
rise  increment.  The  hydrodynamic  performance  (refs. 4 to 8) has  been 
acceptable. 

* Title,  Unclassified. 
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The  previous  configurations  have  embodied  the  use  of  four  engines, 
and  the  various  arrangements  of  the  nacelles  and/or  internal  ducting 
have  offered a variety  of  design  possibilities. In cooperation  with 
the  Bureau  of  Aeronautics,  Department  of  the  Navy,  and  the  aircraft 
industry, a six-engine  configuration  was  evolved  which  was  designed  for 

. a sustained  cruise  Mach  number  of 1.8 at  altitude. In this  configura- 
tion,  four  engines  were  mounted  in  individual  nacelles  on  the  upper  sur- 
face  of  the  wing. A staggered  arrangement  of  these  nacelles  was  dic- 
tated  by  area-rule  considerations.  The  two  remaining  engines  were 
placed  side  by  side  on  top  of  the  aft  section  of  the  hull  with  their 
inlets  being  located on top  of  the  wing. 

A hydrodynamic  investigation  of  this  configuration  was  made  in  the 
Langley  tank  no. 1 to  determine  the  smooth-water  resistance,  spray  char- 
acteristics,  and  the  landing  and  take-off  stability. A brief  investiga- 
tion  also  was  made  of  the  spray  characteristics  during  taxiing  in  rough 
water. 

SYMBOLS 

A.P.  

b 

C 

E 

CL 

after  perpendicular 

hull  beam,  ft 

wing  chord, ft 

mean  aerodynamic  chord,  ft 

aerodynamic  lift  coefficient, L 

1. psv2 
2 

aerodynamic  pitching-moment  coefficient, M 
‘m 1 pSv2E 

2 

c, 0 
gross,-load  coefficient, - a0 

wb3 

F.P. forward  perpendicular  (hull  station 0) 

L lift, lb 

L.W.L. load  water  line - 
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M 

S 

v 
b 

I W 

pi tching moment about  center  of  gravity,  positive  nose 
upward, l b - f t  

wing area,  sq f t  

speed, f t / s ec  

specific  weight of water, 63.3 lb/cu f t  fo r   t hese   t e s t s  

6e e l eva to r   de f l ec t ion   r e fe r r ed   t o   s t ab i l i ze r  chord,  positive 
when t r a i l i n g  edge i s  down, deg 

6f   f lap  def lect ion,   posi t ive downward, deg 

6 s  s tab i l izer   def lec t ion   re fer red   to   hu l l   base   l ine ,   pos i t ive  
when t r a i l i n g  edge i s  down, deg 

a0 gross load, l b  

P air density, slugS/CU f t  

DESCRIPTION OF CONFIGURATION 

A general  arrangement  drawing  and  hull  layout are presented  in   f ig-  
ures 1 and 2, respectively.  Pertinent  dimensions and pa r t i cu la r s  are 
given i n   t a b l e  I.  

General  Characteristics 

For the  proposed  water-based  aircraft, a gross  load  of 220,000 pounds 
and a wing area  of 1,835 square  feet  were  assumed. Six Orenda Iroquois 
PS-13 turbojet  engines,  producing a maximum s t a t i c   t h r u s t  of 120,000 pounds 
without  afterburners, were selected.  

Engine locat ion.-  The four  engines, which were loca ted   in   ind iv idua l  
nacelles on top  of  the wing,  were staggered so tha t   t he  two inboard 
nacel les  were  forward  of  the wing  and the  two outboard  nacelles were 
directly  over  the wing ( see   f i g .  1) . The two remaining  engines,  which 
were located  side by s ide   i n   t he  after sect ion  of   the  hul l ,  had t h e i r  
i n l e t   l oca t ed  on top of the  wing near  the  50-percent-chord  line. 

I 

Wing.-  The wing embodied a 3.5-percent-thick  biconvex  airfoil  sec- 
t i o n .  The maximum thickness was located a t  the  50-percent-chord  line. 
The t a p e r   r a t i o  was 0.33,  the  aspect  ratio was 3, t he  sweepback was 0 
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at  the  80-percent-chord  line,  and  the  wing  incidence  was 3'. fill-span 
trailing-edge  flaps  were  incorporated. 

Planing  bottom.-  The  planing  surfaces  extended  over  approximately 
94 percent  of  the  fuselage  total  length.  The  forebody  length-beam  ratio 
was 7.62 and  the  afterbo&  length-be&  ratio  was 6 . 3 3 .  The  maximum  beam 
at  the  chines  was 9.2 feet. 

" 

The  forebody  cross  sections  were  rounded  at  the  keel  to  approximate 
the  constant-force  bottoms  described  in  references 9 and 10. The  concave- 
canvex  shape  of  the  forebody  is  shown  in  figure 2. The  plan  form  of  the 
step  was  approximately a 600 vee. A full-step  fairing  reduced  the  depth 
of  step  to  zero. 

Horizontal  chine  flare  was  used  on  the  forebody  from  approximately 
8 feet  aft  of  the  forward  perpendicular  to  the  step.  The  chine  flare 
on  the  afterbody  extended  from  approximately 11 feet  aft  of  the  point 
of  the  step  to  the  after  perpendicular.  The  dead  rise  at  the  after  per- 
pendicular  was 55'. 

Tail  group.-  The  horizontal  tail  was  mounted  on  top  of  the  vertical 
tail.  The  high  position  was  considered  necessary  for  clearance  of  spray 
generated  by  the  heavily  loaded  hull. 

Tip  floats.-  Tip  floats  are  generally  necessary  to  provide  static 
transverse  stability  on  the  water.  The  tip  floats  of  this  configuration 
were  bodies  of  revolution  that  provided  approximately 60 percent  of  the 
volume  necessary  to  achieve  the  required  static  transverse  stability 
(ref. 11). An auxiliary  device,  such  as  an  inflatable  bag,  would  be 
necessary  to  provide  for  the  remaining 40 percent  of  the  volume  required. 

Area  Curves 

The  total  cross-sectional  area  curves for Mach  numbers  of 1.8 
and 1.0 and  the  contributions  of  the  various  components  are  presented 
in  figure 3 .  The  contributions  of  area  of  the  tail  group  and  the  tip 
floats  are  not  included.  An  equivalent  free-stream  tube  area of 80 per- 
cent  of  the  inlet  area  was  subtracted for the  mass  flow  through  the 
ducts. 

The  maximum  total  cross-sectional  area  at  the  design  Mach  number 
(1.8) was 135 square  feet  and  the  fineness  ratio  of  the  equivalent  body 
of  revolution  was 10.2. The  staggered  arrangement  of  the  nacelles  pro- 
vided a smooth  longitudinal  cross-sectional  area  distribution  with a 
minimum  of  fuselage  indentation. 
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For comparison,  the  cross-sectional  area  distribution  at  a  Mach 
number  of 1.0 is  provided.  At  a  Mach  number  of 1.0, the  maximum  total 
cross-sectional  area  was  increased  to 157.5 square  feet and the  fineness 
ratio  of  the  equivalent  body of revolution  was  decreased  to 9.5. 

Tank  Model 

Photographs  of  the  1/19-size  dynamic  model  are  presented  in  fig- 
ure 4. The  hull  was  constructed of plastic-impregnated  fiber  glass  and 
the  aerodynamic  surfaces  were  of  wood  covered  with  plastic-impregnated 
fiber  glass . 

Leading-edge  slats  were  attached  to  the  wing  in  order  to  delay  the 
stall  to  an  angle  of  attack  more  nearly  equal  to  that  of  the  full-size 
seaplane.  The-full-span trailing- edge^ flaps  had  a  maximum  deflection 
of 450. 

The  stabilizer  deflection  could  be  varied  during  the  test runs 
from 5 O  to -l5O and  the  elevator  deflection  could  be  fixed  at  angles 
from 25O to - 2 5 O .  

Electric  contacts  located  on  the  keel  at  the  bow,  step,  and  stern- 
post  indicated  when  these  portions  of  the  hull  were  in  contact  with  the 
water  and  were  used  to  release  the  trim  brake  during  landing  tests. 

The  center  of  gravity  was  located  at 0.3lC for  all  tests.  The 
pitching  moment  of  inertia of the  ballasted  model  was 2.15 slug-sq  ft 
(model  size)  corresponding  to 5,320,000 slug-sq  ft  (full  size). 

APPARATUS AND PROCEDURE 

The  tests  were  made  in  Langley  tank  no. 1, which  is  described  in 
reference 12. The  apparatus  and  procedure  generally  used  for  testing 
dynamic  models  are  described  in  reference 13 and  are  similar  to  those 
used  for  the  investigations  described  in  reference 4. 

The  aerodynamic  lift  and  pitching  moment  were  determined  at  the 
normal  center-of-gravity  position.  During  these  tests,  the  model  height 
above  the  water  was  adjusted so that  the  lowest  point  of  the  model  was 
just  clear  of  the  water  surface  at  each  trim. 

A l l  hydrodynamic  tests  were  made  at  a gross load  corresponding 
to 220,000 pounds  full  size,  except  the  landings  which  were  made  at  two 
gross  loads (220,000 and 192,000 pounds, full size) . For the  smooth- 
water  tests,  the  model  was  pivoted  at  the  center of gravity  and  had 
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freedom  in  only  trim  and  rise. A photograph  of  the  model  on  the  smooth- 
water  towing  gear  is  shown  in  figure 5. For the  rough-water  tests,  the 
model  had  approximately 5 feet  of  fore-and-aft  freedom  in  addition  to 
freedom  in  trim  and  rise. For tests  with  fixed  stabilizer  and  elevator 
settings,  the  elevator  deflection  was  twice  the  stabilizer  deflection. 
The  thrust  moment  of  the  six  engines  was  simulated  by a weight  moment 
and  was  applied  during  all  hydrodynamic  tests  except  the  landing  tests. 

Slide-wire  pickups  were  used  to  obtain  records of the  trim,  rise, 
and  fore-and-aft  location.  Trim  was  the  angle  between  the  forebody 
keel  at  the  step  and  the  undisturbed  water  surface.  Positive  trims  are 
bow-up.  Rise  of  the  center  of  gravity  was  set  at  zero  with  the  step 
touching  the  water  surface  with  the  hull  at  zero  trim.  Positive  rise 
of  the  center  of  gravity  is  upward. 

The  resistance  of  the  complete  model,  including  air  drag,  was  deter- 
mined  for a range  of  constant  speeds. A flap  deflection of Oo was  used 
up  to a speed  of  approximately 155 knots,  which  corresponds  to  the  take- 
off  speed  with 45O flap  deflection  and 6.5' trim.  Data  with  flaps 
deflected 45' were  obtained  from a speed  of  approximately 100 knots  to 
take-off.  The  air  drag  of  the  towing  staff  was  subtracted  as a tare  from 
the  total  resistance.  Photographs  and  spray  observations  were  made 
during  these runs. 

The  trim  limits  of  stability  were  determined  during  constant-speed 
runs. At  each  speed,  the  trim  of  the  model  was  changed  by  adjusting  the 
horizontal  tail  deflection  until  porpoising  was  noted or until  the  maxi- 
mum  up or down  aerodynamic  tail  moment  was  obtained.  The  trim  at  which 
porpoising  was  first  observed  was  taken  as  the  stability  limit. 

Take-offs  were  simulated  using  an  average  rate  of  acceleration  of 
3 ft/sec*.  Data  were  taken  with  zero  flap  deflection  up  to a speed  of 
approximately 153 knots  and  with full flaps  from  approximately 100 knots 
to take-off.  Take-offs  were  made  with  fixed  stabilizer and elevator 
deflection  and  fixed  thrust  moment. 

Landings  were  made  with  full-flap  deflection  for a range  of  contact 
trims.  The  landing  runout  was  terminated  at  approximately 90 knots  to 
prevent  possible  damage  to  the  deflected  flaps.  With  the  model  at  the 
desired  landing  trim,  the  carriage  was  decelerated  at a uniform  rate, 
allowing  the  model  to  glide  onto  the  water.  The  model  was  held  at  the 
desired  landing  trim  by  the  trim  brake  until  contact  with  the  water  sur- 
face.  The  static  thrust  moment  was  not  used  during  the  landing  tests 
because  of  the  simulated  power-off  condition. 

Spray  characteristics  in  waves  were  determined  during  accelerated 
taxi  tests  (rate  of  acceleration, 3 ft/sec2).  The  wave  heights  tested 
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I were 2, 4, and 5 f e e t  and the  lengths were  285  and 570 f e e t .  Because 
the model was not powered, the  horizontal   thrust  component was simulated 
by a rubber-band  arrangement  described in   re fe rence  14 .  The low-spring 
constant  of  the  rubber band allowed  the model t o  check i n  waves without 
introducing  large changes in   the   hor izonta l   force .  

RESULTS AND DISCUSSION 

A l l  data  as presented  correspond to   fu l l - s i ze   va lues .  

Aer  odynami c 

The aerodynamic l i f t  and  pitching-moment coef f ic ien ts   a re   p lo t ted  
against  trim i n   f i g u r e  6 .  The computed thrust moment, which was simu- 
lated  during hydrodynamic t e s t s ,  i s  a l so  shown. 

Hydrodynamic 

Spray  character is t ics   for  smooth water.-  Typical bow and s t e rn  
photographs of the  smooth-water spray  with  zero  f lap  deflection and with 
450 f lap   def lec t ion  are shown in   f i gu res  7 and 8, respect ively.  The 
i n l e t s  of the  inboard  nacelles, which are located  forward of the wing, 
were c lear  of  spray  throughout  the  speed  range. The i n l e t s  of the  out- 
board  nacelles  are  located  near  the wing leading edge  and they were 
s t ruck by heavy spray from the  forebody  over a short  speed  range,  approxi- 
mately 36 t o  44 h o t s   ( f i g .  7) . 

A t  t h i s  speed  range (36 to 44 knots),   the bow b l i s t e r  was su f f i -  
c ien t ly   h igh   to  wet the  upper  surface of  the  wing outboard of the  inboard 
nacel le .  The undersurface  of  the wing with  zero  f lap  deflection was 
s t ruck by spray  throughout most of the  speed  range  investigated. The 
f laps  were not   def lected  unt i l  a speed  of  approximately 104 knots  because 
below t h i s  speed  they  dragged  in  the water. The f l aps  when def lected 45' 
were heavily  wetted by spray a t  a l l  trims up t o  a speed  of  approximately 
116 knots.  This  wetting  of  the  flaps  appeared t o  cause  osci l la t ions  in  
t r i m  and r i s e .  A t  speeds  above 116 knots,   the  f laps were wet when the 
t r i m  exceeded 6' ( f i g .  8) . 

With both  f lap  sett ings,   the  forebody wake a t tached   to   the  after- 
body under  certain  combinations  of t r i m  and speed. With zero  f lap 
def lect ion,   the  model trimmed up and o s c i l l a t e d   i n  t r i m  and r i s e  when 
flow  attached  to  the  sides of the  afterbody. With the   f laps   def lec ted  45O, 
the  model trimmed up  when the  f low at tached  to   the  s ides   of   the   af terbody.  
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If  the  flow  attached  only  to  the  afterbody  bottom,  there  was  no  change 
in  trim. 

The  high  horizontal  tail  was  clear  of  spray  except  during  rise  and 
trim  oscillations  at  high  speeds,  during  which  the  tail  was  struck  by 
very  light  spray. 

Spray  characteristics  for rough water.-  During  rough-water  taxiing, 
the  inlets  of  the  outboard  nacelles  and  the  upper  surface  of  the  wing 
were  wetted  by  very  heavy  spray  in  all  wave  heights  tested.  The  inboard 
nacelles  appeared  to  be  clear  of  spray  until  the  bow  of  the  model  dug 
into  an  oncoming  wave  (wave  heights 4 feet  and  greater);  spray  was  then 
thrown  up a short  distance  forward  of  the  inlet.  If  the  model  had  been 
powered,  this  spray  would  probably  have  been  drawn  into  the  inlet.  The 
undersurface  of  the  wing  was  heavily  wetted  during  the  taxiing  tests. 

Resistance.-  The  total  resistance  and  the  corresponding  trim  and 
rise  are  presented  in  figure 9 for Oo and 45O flap  deflection  and  several 
positions  of  the  stabilizer  and  elevators.  The  total  resistance  is 
plotted  for  stable  trims  only.  With  zero  flap  deflection,  the  resistance 
increased  with  speed  to  approximately 55 knots;  at  this  speed a minimum 
gross-load-total-resistance  ratio  of 3.2 was  obtained.  With  further 
increase  in  speed,  the  resistance  decreased  as  the  model  entered  the 

- planing  region. 

As was  expected  when  the  flaps  were  deflected 43' at a speed  of 
approximately 100 knots,  the  resistance  increased.  Part  of  this  increase 
in  resistance  was  apparently  the  result  of  heavy  wetting  of  the  deflected 
flaps  by  spray.  Because  of  this  increase  in  resistance,  full-flap  deflec- 
tion  appeared  to  be  of  little  advantage  until  near  take-off  speed.  When 
flow  attached  to  the  sides  of  the  afterbody,  there  was a large  increase 
in  resistance  apparently  caused  by  the  heavy  wetting  of  the  afterbody 
sides  and  bottom.  When  the  flow  attached  to  only  the  afterbody  bottom 
(stabilizer  deflection, -2.5', and  flap  deflection, 4 5 O ) ,  there  was a 
small increase  in  resistance. 

Excess  thrust  was  available  for  acceleration  throughout  the  speed 
range.  The  computed  take-off  time  and  distance,  assuming  deflection  of 
the  flaps  at  approximately 140 knots,  corresponded  to 25 seconds  and 
3,250 feet  (full  size). 

Trim  limits  of  stability.-  The  trim  limits  of  stability  are  presented 
in figure 10 for  the  two  flap  settings.  During  the  constant-speed runs 
when  the  forebody  wake  attached  to  the  sides  of  the  afterbody,  the  model 
trimmed  up  without a change  in  the  stabilizer  setting.  When  the  upper 
limit,  increasing  trim,  was  encountered,  the  trim  and  rise  oscillations 
were  erratic.  The  porpoising  cycles  appeared  to  be  affected  by  flow 
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a l t e r n a t e l y   s t i c k i n g   t o  and breaking  clear  of  the  afterbody  during  the 
osc i l l a t ions .  

A t  speeds  greater  than  approximately lo5 knots and with  zero  f lap 
G B  deflect ion,   the  model porpoised  violently  between  the  upper and  lower 

limits a f t e r   t h e  upper limit, increasing t r i m ,  was encountered.  This 
porpoising  could  not be stopped by the  use  of   the   s tabi l izer  and the 
porpoising  cycles  continued  to  increase  in  amplitude.  With the   f l aps  
def lected 4 5 O ,  the  upper limit, decreasing t r i m ,  over a range  of  speed 
from 110 t o  1.30 knots,  could  not  be  defined  because  of  large  changes  in 
trim that  occurred when the  attached  afterbody  flow was broken. 

The lower l imi t   wi th   zero   f lap   def lec t ion  was similar t o   t h a t  
encountered  with  other  water-based  aircraft. A s  would  be  expected, 
def lect ion of the  f laps  decreased  the t r i m  a t  which the  lower limit was 
encountered. Only one point on the  lower limit ( 4 5 O  f lap   def lec t ion)  
w a s  obtained  because  the  deflected  f laps were dragging  in  the  water a t  
speeds less than  approximately 104 knots and a t  higher  speeds trims l e s s  
than 1' were encountered. 

Take-off s t a b i l i t y . -  The va r i a t ions   i n  t r i m  and rise with  speed 
during  accelerated  runs a t  var ious   f ixed   s tab i l izer  and elevator  posi-  
t ions   a re  shown i n   f i g u r e  11 for   the  two f l ap   de f l ec t ions .  The accel-  
erated runs with  zero  f lap  deflection were made up t o  a speed  of  approx- 
imately 155 knots  in  order  that   the  lower  resistance  associated  with  the 
zero-flap-deflection  condition  could  be  uti l ized. The trimming moment 
of the s tab i l izer  (zero  f lap  def lect ion)  w a s  suf f ic ien t   to   p rovide  a 
wide range of s tab le  trims a t  speeds  greater  than hump speed  (approxi- 
mately 70 knots).  Lower-limit  porpoising was encountered  with a s tab i -  
l i ze r   de f l ec t ion  of 2 . 5 O  (zero  f lap  def lect ion)  and the  model trimmed 
up in to   t he  upper limit a f t e r  flow  attached to   the   a f te rbody  wi th  a 
s tab i l izer   def lec t ion  of -3.5' (zexo   f lap   def lec t ion) .  A range  of  fixed 
s tab i l izer   def lec t ions  between 2.5' and -3.5' was ava i lab le   for   s tab le  
accelerated  runs  to  approximately 155 knots. 

Heavy wet t ing  of   the  def lected  f laps  (45') up t o  a speed  of  approx- 
imately 116 knots  caused  the model t o   o sc i l l a t e   du r ing   t he   acce le ra t ed  
runs. With a s tab i l izer   def lec t ion  of -3.5', t h i s   o sc i l l a t ion   pe r s i s t ed  
throughout  the  take-off  run. A t  h igher   s tab i l izer   def lec t ions ,   the  
osc i l l a t ions  damped out  rapidly as speed w a s  increased. When flow 
attached  to  the  afterbody,  the  expected sudden inc rease   i n  t r i m  occurred, 
and a t  a s t a b i l i z e r   s e t t i n g  of -6.5', t he  model t r i m e d   i n t o   t h e  upper 
l i m i t  and porpoised  violently  during  the  remainder  of  the  take-off  run. 
With 45' f lap   def lec t ion ,  a range of f ixed   s tab i l izer   def lec t ions  between 
-3.5' and -6.50 was ava i lab le   for   s tab le   t ake-of fs .  

Landing s t a b i l i t y . -  The va r i a t ions   i n  t r i m  and rise during  typical  
landing  runouts  with 4 5 O  f lap   def lec t ion  are shown i n   f i g u r e  12 f o r  two 
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gross  loads (220,000 and l92,OOO pounds) . The  maximum va r i a t ion   i n  t r i m  
and r i s e  and the  number of skips  are  presented  in  f igure 13 for   the  two 
gross  loads and 4 5 O  f l ap   de f l ec t ion .   Osc i l l a t ions   i n  t r i m  and rise 
occurred  during  the  landing  runout. These oscil lations  did  not  appear 
t o  be violent  but  the  deflected  f laps on the f u l l - s i z e  seaplane  should 
probably be r e t r ac t ed  as soon as possible   af ter   contact   to   prevent  dam- 
age to   t he   de f l ec t ed   f l aps  by spray. For both  gross  loads,  the model 
skipped once on landing a t  trims less  than  the  sternpost  angle ( 7 . 5 O ) .  
The skips were not  violent and generally  occurred  with small changes i n  
t r i m  and r i s e .  When landing a t  trims greater  than  the  sternpost  angle, 
the model generally trimmed down against   the lower t r i m  s top   ( se t  a t  
approximately 1.6') . 

CONCLUDING REMARKS 

The hydrodynamic charac te r i s t ics  of a six-engine  hull-type  seaplane 
designed  for  supersonic  flight have been investigated.  The resu l t s   ind i -  
cated  that   excess  thrust  was ava i lab le   for   acce le ra t ion   to   t ake-of f   in  
approximately 25 seconds and 3,250 f e e t .  A t  a speed of approximately 
55 knots, a minimum gross-load-total-resistance  ratio of 3.2 was obtained. 
A small  range  of s tab i l izer   def lec t ions  w a s  avai lable   for   s table   take-offs .  
The def lected  f laps  dragged in   t he   wa te r   a t  speeds less   than 104 knots. 
The flaps  should be re t rac ted  as soon af ter   the   landing  as   possible   to  
prevent damage to   the   def lec ted   f laps  by spray. The i n l e t s  of the  out- 
board  nacelles were s t ruck by heavy spray  over a short  speed  range i n  
smooth and rough  water. The i n l e t s  of the  inboard  nacelles were c lear  
of spray  in smooth water  but would  probably  be wet i n  waves 4 feet  high 
and greater  when the bow digs   into an oncoming wave. The horizontal  
t a i l  was s t ruck by  very l ight  spray  during t r i m  and r i s e   o sc i l l a t ions  
a t  high  speeds. 

Langley Aeronautical  Laboratory, 
National  Advisory Committee for  Aeronautics, 

Langley Field,  Va. ,  April  21, 1958. 
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TABLF. I.- I'ERTINENT CHARACTERISTICS AM) DIMENSIONS  OF  TEE U - S I Z E  WATER-BASED  AIRCRAFT 

General: 
Gross weight. l b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  220. 000 
Wing area.  sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Engines. Orenda Iroquois PS-13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Take-off thrust  (without  afterburners).  lb . . . . . . . . . . . . . . . . . . . . . . . . . .  EO. 000 

Take-off thrust-weight  ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 9 5  

1. 835 

Wing loading. lb/sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 

wing: 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74J5 
Air fo i l sec t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Biconvex 
Thichess.  percent chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.5 
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3. 0 
Taperra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.333 
Sweepback (O.sOc), deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Length. mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22.7 
Forward perpendicular t o  leading edge of 5. f t  . . . . . . . . . . . . . . . . . . . . . . . .  60.08 
Incidence. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

Horizontal tail: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Airfoil  section  .Biconvex 
sp.. f t  32.7 

Thiclmess. percentchord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.5 
Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  355 
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3. 0 
Taperra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.4 

Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-5 Arm. length between Oh.3l5, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65.59 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sweepback(0 .80c).deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Vert ical   ta i l :  
Airfoil  section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 6 j ~ o o 5  
Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  230 
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1. 0 
Sweepback (0.23c), deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

H u l l  : .. . . . . . . . . . . . . . . . . .  
Afterbody length  (step  centroid  after  perpendicular). 
Forebody length  (forward  perpendicular  step  centroid). f t  .. . . . . . . . . . . . . . . . . . . .  
Length. overall. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Beam at chines. maximum. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Width. maximum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Height. maximum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Afterbodykeelangle. deg 
Dead r i s e   a t   a f t e r  perpendicular. deg 

Sternpost  angle. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Center of gravity. 0.315 

Above base  line. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Forward .. step  centroid. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Forebody length-beam ratio.  Lf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Step  plan form (basic) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Step  centroid .. O.3lc, angle .. vertical. deg . . . . . . . . . . . . . . . . . . . . . . . .  
bmax 

70.08 
5825 

134. 09 
9.2 

16.25 
10 

60'  Vee 
55 

6.5 
7.5 

8.3 
2 

13.5 
7.62 

Afterbody length-beam ratio. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.33 

Total length-beam ratio. ( L  + L )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 -95 

CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.42 

bmax 

b, 

Area curves: 
Mach  number. 1.0 

Maximum cross-sectional area. sq ft 
Maximum diameter of equivalent body. 
Length. ft . . . . . . . . . . . . .  
Fineness ratio of equivalent body . 
Maximum cross-sectional  area. sq ft 
Maximum diameter of equivalent body. 
Length. ft . . . . . . . . . . . . .  
Fineness r a t i o  of equivalent body . 

Mach  number. 1.8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  157 -5 
f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  14.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  134.1 

9.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
f t  13.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  134.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.2 

135.0 . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Figure 1.- General  arrangement of configuration. 
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Figure 2 . -  Layout of hull l i nes .  
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Figure 3 . -  Cross-sectional  area  curves. 
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(b) Mach number, 1.0. 

Figure 3 . -  Concluded. 
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L-58-1637 
Figure 4.- Photographs of t he  l/lg-size model tested i n  Langley 

tank no. 1. 



Figure 5.- Setup of model  on  the  smooth-water  towing  gear. L-58-1658 
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Figure 6.- Variation  in  aerodynamic  lift  and  pitching-moment  coefficient 
with  trim  for  the  l/lg-size  model. 
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Trim, 3.8'; speed, 10.6 knots.  

Trim, 5.2'; speed, 20.9 knots.  

Trim, 6.8'; speed, 38.7 knots.  
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Tr im,  9.3'; speed, 51.8 knots.  

Tr im,  10.0" ; speed, 65.1 knots.  

Tr im,  8.5'; speed, 77.7 knots. 

Figure 7.- Continued. L-58-1660 
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Tr im,  5.8'; speed, 104.5 knots. 
- .  

Trim,  4.5'; speed, 131.4 knots. 

Trim, 3.9'; speed, 143.7 knots. 

Figure 7. -  Concluded. L-58-1661 
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Tr im,  4.0': speed, 117.7 knots .  

T r i m ,  3.20: speed, 131.5 knots .  

Trim, 3.0"; speed. 142.9 knots .  

( a )   S tab i l izer   def lec t ion ,  -2.5'; elevator  deflection, -5'. L-58-1662 

Figure 8.- Spray  photographs.  Flap  deflection, 45'. 



Trim,  10.4'; speed, 117.7 knots. 

Trim, 5.00 to 10.00 (oscillating); speed, 132.3 knots. 

Trim, 7.0' to 9.5' (oscillating); speed 137.5 knots. 

L- 58- 1663 

( b )  Stabi l izer   def lect ion,  -6.5'; elevator  deflection, -13'. 

Figure 8.- Concluded. 
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0 0  0 0 v -2.5 -5 45 
-2.5 -5 0 17 -5 -10 45 

0 2.3 40 60 80 loo 12.3 140 160 180 
Speed, knots 

Figure 9.- Var ia t ion   in   to ta l   res i s tance ,  t r i m ,  and rise  with  speed. 
Flap  deflection, 0' and 45'. 
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Figure 10.- T r i m  l imi t s  of s tab i l i ty .   F lap   def lec t ion ,  Oo and 4 5 O .  
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Figure 11.- Variation  in  trim  and  rise  during  smooth-water  take-offs  for  various  stabilizer  and ul i? 

elevator  deflections. 3 
w P 
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Speed, knots 

Landing trim, 10.9' 

(a) Gross load, 220,000 pounds. 

Figure 12.- Variation in trim and  rise  during  typical  smooth-water 
landings.  Flap  deflection, 45'. 
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Landing trim, 10.7' 

(b) Gross load, l92,OOO pounds. 

Figure 12. - Concluded. 
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0 4 8 12 16 
Landing trim , deg 

(a) Gross load, 220,000 pounds. 

Figure 13. - Smooth-water  landing  characteristics.  Flap  deflection, 43O.  



0 4 8 12 16 
Landing trim, deg 

(b) Gross ' load, l92,OOO pounds. 

Figure 13.- Concluded. 
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